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(54) Method and apparatus for wire 
bonding 

(57) A wire bonding apparatus, such as 
used frequently for assembling 
electronic parts, is designed to prevent 
a physicochemical reaction, which 
leads to defects in a wire bonding 
operation, from occurring between a 
bonding wire and a wire connecting 
tool so that fusion of the bonding wire 
to the wire connecting tool does not 
occur. The material of the connecting 
tool 13A is a substance which does not 
easily generate a physicochemical 
reaction with the bonding wire, and 
covering at least the region of the wire 
connecting tool 13A which contacts the 
bonding wire is a film 53 of a material 
which does not easily generate a 
physicochemical reaction with the 
bonding wire. 
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SPECIFICATION 

Method and: apparatus for wire bonding , 



5 This invention relates to wire bonding techniques, and more particularly. to a wire connecting tool and a 5 
wire bonding method and apparatus (wire, bonder) using this wire connecting tool. 

In a wire bonding operation which constitutes a step of manufacturing a semiconductor device, the 
inexpensive aluminum {A€) has : been used in recent years as a material for a bonding wire instead of the " : 
expensive gold (AuK Even in a wire bonding operation using this ajuminum (A€) bonding wire, the em- . 
10 ployment of the so-called ultrasonic wire bonding techniques tends to be superseded by the nailheaa' 10 
thermocompression wire bonding techniques in : qrder that the bonding operation can be carried out eas- 
ily. Various types of wire bonding systems, >in, which a conventional wire bonder for a Au wire is utilized 
substantially as it is to bond an inexpensive M bonding wire instead of an expensive Au bonding wire, 
have been put to use for trial. It has been ascertained by the inventors of this invention that these bond- 
15 ing systems are incapable of obtaining a high bondability since the A€ bonding wire sticks to the bond- 15 
ing tool (apparatus), he. a capillary; constituting a thermocompression wire bonding tool. 
The wire bonding techniques referred to above will now be described more in detail as follows. 
The steps of manufacturing a semiconductor device include a wire bonding step in which an electrode 
pad of a semiconductor element pellet and a lead constituting its external conductor member are con- 
20 nected together electrically by a wire. The wire bonding methods utilized widely at present include a 20 
thermocompression wire bonding method using a capillary as a wire connecting tool and a gold (Au) 
wire as a bonding wire, and an ultrasonic wire bonding method using a wedge as a wire connecting tool 
and an aluminum (A€) wire as a bonding wire. The thermocompression wire bonding method using an 
Au wire is a so-called nailhead bonding method, in which the tip of a wire of Au, an oxidation-resisting 
25 metal is melted thermally with a hydrogen tprch or a discharge arc to form a gold ball, which is then 25 
fastened under pressure to a bonding portion* by using a capillary (wire connecting tool). This wire bond- 
ing method enables a bonding wire to-b&fasftened to an object portion firmly, and is advantageous in 
that it has no wire bonding directivity. However, when a bonding portion consists of a, pellet electrode 
pad composed of an aluminum material, a purple. plague phenomenon (a phenomenon occurring when 
30 Au-A€ is heated to not lower than 300°C to fqrrn a purple chemical compound of AuA€ 2 ) occurs to cause 30 
the bonding strength to decrease. ^addition',, the gold is expensive, and, when the price of the gold 
increases, the wire bonding cost also increases. On the other hand, in the. ultrasonic wire bonding 
method using an A€ wire, the A€ wire is fastened to a bonding portion by the ultrasonic vibrations with a 
wedge (wife connecting tool). Since the aluminum wire, is inexpensive, the wire bonding cost becomes 
35 low. However, the bonding directivity occurs since the wire bonding is done by the ultrasonic vibrations. 35 
This causes the construction of the wire bonder, a wire bonding apparatus, to become complicated. The 
bonding speed in the ultrasonic wire bonding method is low as compared with that in the thermo- 
compression wire bonding method. . ; - , ; 
Therefore, in recent years; a wire bonding method making the most of both the thermocompression 
40 wire bonding method and the ultrasonic wire bonding method and using a simpiy-constructed wire 40 
bonding apparatus of a thermocompression system, which employs a bonding wire of M, a low-priced . 
bonding wire material, and which is capable of carrying out a . wire bonding operation with no directivity 
and at a high speed, i.e. a wire bonding method in which a ball is formed at the tip of an A€ wire to then, 
subject the ball to the nailhead bonding, now attracts attention. 
45 However, it has been ascertained by the inventors of the present invention that, in the ultrasonic wire 4 5 
bonding method and the thermocompression wire bonding method, in both of which an aluminum wire 
is used as a bonding wire, the aluminum wire sticks to a wire connecting tool called a capillary or a 
wedge to prevent a normal wire bonding operation from being carried out. Namely, it has been ascer- 
tained that the aluminum wire is bonded insufficiently to an object portion of a material to be wire ( 
50 bonded and comes off therefrom, or cannot be bonded at all. 50 
As mentioned above, it has been discovered that these inconveniences occur even in an ultrasonic wire 
bonding operation using an aluminum wire, and that a noticeable wire bonding trouble occursjn a ther- 
mocompression wire bonding operation using an aluminum wire as a bonding wire. 
Namely, in a thermocompression wire r bonding operation using an aluminum wire, capillary, a wire ; 
55 connecting tool, and the aluminum wir.e are liable to stick to each other. Furthermore, when the alumi- 55 
num wire is thermally compressed against a material to be wire-bonded by using a capillary, a wire con- 
necting tool, the ultrasonic vibrations ar appli d a little to the capillary, i.e. the thermocompressive fore 
and the bonding force based on the ultrasonic vibrations are used together, so, that the temperature of 
r "the wire bonding portion becomes high.: Consequently, a physiochemical reaction occurs between the 
60 aluminum and capillary, and the aluminum wire sticks-to the surface of the capillary. . Especially, a prob- : 60 
lem in which the wire-inserting bore in the capillary, is stopped. up with the aluminum wire occurs in 
some cases. This pr vents the aluminum wire inserted .into the bore in the capillary from, being .moved, J , 
vertically'therein, to cause a. decrease in. the efficiency of the bonding operation. . v ( . , . . : 
The capillary us d in a thermocompression type wire bonder using, an aluminum wire consists of { alu- . 
65 minum oxide (alumina) A£ 2 0 3 , ruby, and a c rmet containing tungsten carbide WC or titanium carbid 65 
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TiC. 

The alumina and ruby are the materials to which the aluminum At sticks easily. The TiC-containing 
cermet is a material to which M sticks only lightly. It has been ascertained that the xtent to which M 
sticks to a TiC-containing cermet varies depending upon the kind and content of the binder contained * .* 
5 therein. It has been discovered that the causes from which M sticks to a TiC-containing cermet reside in 5 
the following. It is considered that a conventional capillary consisting of a TiC-containing cermet contains 
not less than 25% by weight, which is based on the total weight of the capillary, of nickel (Ni) as a 
binder, and that the nickel (Ni) in the capillary generates a fusion reaction with A€ which constitutes the- . . 
M bonding wire. Moreover, since the capillary consisting of a TiC-containing cermet is a sinter; it has a *. t 
10 rough surface in which Ni 'constituting a binder is exposed, this Ni further promoting the fusion, reaction 10 
between the Ni and M wire. * <- — ; - . . . .. 

An object of the present invention is to provide a wire bonding apparatus capable of preventing the 
fusion from occurring between a bonding wire and a wire connecting tool. 'hi*. 

The present invention can provide a wire bonding apparatus capable of guiding freely with a wire con- , 
15 netting tool a bonding wire to a material to be wire bonded; and bonding the wire thereto with a high ~. 15 
bondability. * - ■ \ 

The present invention can also provide a wire bonding method capable of bonding a wire to a material 
to be wire-bonded, by using a wire connecting tool with high accuracy and reliability. - " 

The present invention can furtherprovide a wire bonder capable of preventing the fusion of an AI wire 
20 and a capillary or a wedge to improve the bondability of the Al wire, and carrying out a. wire bonding . 20 
operation excellently without any insufficiently bonded portions. 

Embodiments of the invention will be given in the following description in conjunction with the. accom- 
panying drawings. 

Figure 1 is a front elevational view of an embodiment of a wire bbnder according to the present inven- . 
25 tion; *.*-■•. U-r^- • i- *j . - t 25 

Figure 2 is an enlarged perspective view of a principal portidn of the wire bonder shown in Figure;! ; 
Figure 3 is a sectional view take along the arrows Ill-Ill in Figure 2; \ \ / * .1 , : 
Figure 4 is a sectional view of a semiconductor device forhied by carrying out a wire bonding opera- H 
tion with the wire bonder shown in Figure 1; r ' * ■■ 1 ,v .1: < c . , ^ , 

30 Figure 5 is atop plan view of an example of a capillary used in the present invention; / . , • > 30 
Figure 6 is a partially cutaway view in front elevation of the c^jaillary shown in Figure. 5; - < 

Figure 7 is an enlarged 'sectional View of a tip Jpdrtion of the capillSary shown in Figured; * ;v 
Figure 8 is a graph used to determined the content of nickel (Ni) used as a binder in the TiC cermet- ' 
which constitutes a wire connecting tool; : v ^ ; *■ ■ 1 ■ 4 .... ; v . , 

35 Figure 9 \s an enlarged' Sectional view of a tip portion of another example of a capillary used in the- . 35 
present invention; : 1 J 1 t. . • . ■-*•}>.■.. . . .. s 

Figure 10 is a top plan 1 view of a wedge/still another example of the wire connecting tool used in, the 
present invention; " iv 1 : ' 1 ' j ■ : . 
Figure 11 is a front elevational view of the wedge shown in Figure 10; - r 

40 Figure 12 is an enlarged left side elevational view- of a tipportiomof the wedge shown in Figure 11; 40 
and * * '■•*.-. ; ... . • r ... - _ : . 

Figure 13 is an enlarged sectional viewof the^tip portion of thewedge shown in Figure 11. 
Figure 1 is a front elevational view of an embodiment of a wire-bonder according to the present inven- 
tion. Referring to Figure 1, a bonding arm 12 is supported pivotally at its base end on a bonding head 11 
45 which is mounted on an XY table 10 placed orx a base 100 of the wire bonder. Thus, a tip portion, to . 45 
which a capillary 13, a wire connecting tool;' is fixed, of the bonding arm 12 can be moved pivotally in a 
the vertical direction by a cam mechanism. A pair of clamper arms 15,* 16 actuated by a cam driving 
member 14 or an electromagnetic solenoid are provided above the bonding arm 12 so that the tip por- 
tions of these arms '15, 16 are positioned immediately above the capillary 13 to form a clamper 17. Refer- 
50 ence numeral 1 denotes an wire used as a bonding wire. The A€ wire is payed out from a spool 101 • 50 
to be inserted through a guide 18 and then into the capillary 13 through the clamper 17. The wire is not . 
limited to an A€ wire; it may be a wire consisting of an easily oxidizable metal, such as aluminum alloys 
including aluminum containing a small amount of silicon (Si), and aluminum containing a small amount 
of nickel (Ni). v . . .■ r 

55 On the other hand, reference numeral 19 denotes a bonding stage, on which a lead frame 20 with a 55 
semiconductor element pellet, a material fo be wire-bonded, bonded to the upper surface- thereof, is 
placed. The A€ wire 1 is c nnected between th * lead frame 21 and semiconductor element pellet 22 as 
the capillary 13 is moved up and down/ ' ■'*■- * 

Reference numeral 23 denotes a discharge electrode portion consisting of an electric conductor and 
60 provided independently in the proximity of the capillary 13. As shown in b th Figure 2 and Figure 3, th 60 
discharge electrode portion 23 has a substantially L-shaped hoHow electrode 24. A pivot 25 connected- - 
unrtarily to* an upper "end portion of the electrode 24 is supported pivotably on a bearing 26 in a wire . 
bonder fixing portion, as that the electrode 24 as a whole can be moved reciprocatingly in the horizontal > 
direction, i.e. turned in the direction of a 'dual arrow in Figure 3. Accordingly; a lower portion 24a of the y ? 
65 electrode 24 can be'moveiJ below the capillary 13, i.e. between a 1 posrtive immediately below the tip of , ; 65 
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the the At wire 1 and a sideway position (retreating position) of the capillary 13. In this case, if a crank 21 
is formed at a part of the pivot 25 and connected to an additionally-provided electromagnetic solenoid 28 
by a connecting rod 29, the reciprocating movement of the solenoid 28 can be changed into the recipro- 
cating arcuate movement of the electrode 24 described above. A plurality of through holes are made in 
* the upper wall of the lower portion 24a of the electrode 24 so as to communicate with the inner hollow 5 
of the electrode, and a cylindrical cover 31 is fitted around the lower portion 24a so as to encompass the 
same. The cover 31 is provided at its upper portion with a slot 32 extending over substantially one 
quarter of the circumference thereof, so as to enable, when the electrode 24 moves down, the tip of the 
A€ wire 1 to penetrate into the cover through the slot 32. A tube 33 communicating with the inner hollow 
m of the electrode 24 is provided at the base end thereof, through which tube 33 a gas, which will be de- 10 
scribed later, is supplied into the electrode 24. A power source circuit 23 shown in Figure 2 is connected 
between the electrode 24 and the clamper 17 so that the damper 17, i.e. the A€ wire 1 connected thereto, 
serves as the positive platewhh the ejectrede 24 serving as the negative plate. A discharge arc is gener- 
ated from the electrode 24 toward the At wire 1. . 
15 This embodiment uses a reducing gas asthe, gas mentioned previously which is prepared by .d.lutmg 15 
for example, hydrogen! (HJ. carbon monoxide. (CO), dinitrogen oxide (N 2 0) or methane (CH.) with an inert 
gas (argon or nitrogen gas). The gas is injected into the cover 31 from the through holes 30 in the s.de 
portion 24a of the electrode 24 so as to keep the interior of the coyer 31, i.e. the space between the 
electrode 24 and At wire 1 in a reducing gas atmosphere. . jno - -a --. -« 

™ According to the above-described construction, when the electromagnetic solenoid 28 is energized, so 20 
that the shaft thereof extends and contracts to cause the crank 27 and pivot 25 to swing, the s.de portion 
24a of the electrode 24 turns downward to be positioned immediately below the At wire 1. thereby caus- 
ing the tip portion of the At wire to penetrate into the cover 31, The interior of the cover 31. ,i.e 
soace between the At wire 1 and electrode 24 is then held in the reducing gas atmosphere by the reduc- 
25 ?n P g gasS^d from a plurality of through holes 30 via the inner hollow of the electrode 24 When the 25 
pier source circuit 34 is then turned on, a discharge arc is generated between the A* wire 1 and elec- 
trode 24 and the free end of the At wire is fused by the arc energy to form a ball. Since the ball forma- 
tion of the A€ wire 1 in this embodiment is effected in a reducing gas atmosphere the alumina, an oxide 
of aluminium on the surface of the aluminium <A€) wire is reduced to aluminium. Since the fusing is 
30 Ced under such condition, both the inside and surface of the tip of the M ^W-* 30 
as a whole. For this reason, a uniform surface tension occurs," and a ball having a high sphericity is 

'Tints embodiment, the M wire as the, bonding wire is used as the positive plate, and I the ^charge 
electrode as the negative plate. Accordingly, the discharge arc in this instance -s generated from the e ec- 

35 S 24 toward theV wfe 1 due to the' polarhie* thereof. Hence, a so-called 'cleaning Ph-omenon 
n which the arc travels while searching for the fresh oxide film on the A€ w,re surface and occurs from 
he7€ wire tip over a wide range in the proximity of the tip) does not occur; so that the terrninalmflu- 
enceis not exerted on the portions other than the Ball-forming, portion of the At wire; or. y the free end 
oJtne a rumWum wire is locally heat-fusedto form the At ball having a high sphericity. Moreover, owing 

40 to tnfstcTheating phenomenon, no r constriction is formed at the portion of the A€ wire which is imme- 

^r^fisfoledVtha.pivot 25 ar?d electrode 24 are turned upward, by ^J*^**^ 
tromagnetic solenoid 28 and.the. retracting operation of its shaft, and the s.de porton 24a of the elec- 
SoSTfs moved back.from the position immediately below the At wire 1. Accordingly, when the capillary 

45 13 is moved down with the swinging of the bonding arm 12. the A€ wire 1 can be 

bonded to the pellet 22 on,the member .20 to be wire-bonded. Since the ball thus formed has a high 
sDhericitv the wire bonding can be effected with a high reliability. ... . » - j 

AnSE embodiment of L present invention will now be described. This embodiment 
in thatan inert gas to which a gas having the thermal pinch operation .s added is used as the gas to be 

50 u PP ied "She electrode 24 in addition. to the reducing gas used in the first 

Dies of the qas having such a thermal pinch operation are hydrogen (H 2 >, helium (He), methane (CH4),- 
nittogen ^mT^rSon monoxide (CO). If, this gas is present in the atmosphere between the At ^wire 1 
and ^the eErode 24, a so-called thermal pinch action is obtained in 

upon the tip of the A€ wire, so that the discharge energy concentrates thereupon Thus, tne discharge 
sr enerav is used effectively for the formation of the ball to thereby improve the sphencrty of the ball and 
acc^h Sfe n ^ saving. This thermal pinch action occur irresoectiv of the polarity *the power 
soure^ooeappliedtoth & wir , i.e. wh th r or n t th polarity U ; positi ve or ^^^'^ 
Power source circuit 34 is not limited to th one shown in Figure 2. If hydrogen (HJ. methane (CHJor 
carbon monoxide (CO), each of which has both a reducing action and a thermal, p.nch action, is used as 
ro the oas me sinale qas provides both actions andrtiieir effects. . .. . ; , . j_. ii ' 

vt^rthepelTet 22 is fixed on the lead .framed by a Au-Si e*^^^^ , 
SLt 22 'and the-inner Iead43 of the lead fmr^21 are ithon;Connepted tq-each ^p^er by^the A€ w^re 1. v 
S"lSil?ror^ by using a resin-44,The A€ wire 1 s.thermo^mpres:, 

65 bondeS after the ball is formed in the mann r described above. In this case, ,t is possible t use an 65 
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aluminium alloy material consisting principally of aluminium and containing about 1% by weight of sili- 
con (Si) or an aluminium alloy consisting principally of aluminium and containing about 0.5% by weight ' 
of nickel (Ni) in pjace of the aluminium wire 1. 
The capillary 13, i.e. the wire bonding apparatus (wire connecting tool) in the thermo-compression wire 
5 bonder is constructed as shown in Figure 5 which is a top plan view thereof. Figure 6 which is a partially 
cutaway view in front elevation thereof; and Figure 7 which is an enlarged section of the free end portion 
thereof. * ' , , , K 

The capillary 13 has as best seen from Figure 7 which illustrates the free end portion thereof oh a * 
larger scale conical chamfered portion 51 around tHe lower opening of an insert bore 50 for the A€ wire : 
10 1, and an upper portion of the insert bore 50 which has an inner diameter slightly larger than that of the 
free end portion thereof. The free end surface 52 is not flat but inclined slightly toward its circumferential 
portion. The capillary 13 consists of a cermet composed mainly of titanium carbide (TiC) and containing 
an iron group metal as a binder. Since this cermet has a comparatively high r processability;it is suitably' 
used to manufacture a 1 capillary having the above-mentioned cdmpHcated shaperAs is^ clear from Table 1 : 
15 in which the properties of TiC are compared with those of some other carbides/fiC has a low reactivity 
with A€. The rating values shown in Table 1 were determined oh the basis of the result of reactibns 
between various kinds of carbides and a molten aluminium, which reactions were conducted by immers- 
ing these carbides in molten aluminium-containing vessels for 60 minutes. A larger rating value shows a 
higher reactivity of the carbide with A€. Moreover, TiC has sufficiently high strength* which is required by 



20 the capillary, 



TABLE 1 



25 Materia/ Reaction with A€ t ' . Rating value 

TiC ' Reacts a little. ' 2 

ZrC Reacts considerably. ''':" 4 J 

Cr 3 Ci '* Reacts actively: ' 5 

30 , , Mo 2 C * Reacts actively., ' ; 5 , 

. " . . WC ' ; J Reacts actively: ' f V "'*-".■•: 



10 



15 



20 



25 



30 



A cermet is a heat-resisting, material obtained by compression-molding a mixture 'of ceramic powder ^ 1 

35 and metalpowder, and sintering the molded product/it was developed as a material having both the 35 
thermal resistance of a ceramic material and a high rigidity^of a f metal/The\xampies of the metal are Fe;' 4 
Ni, Co, Cr and Cu,,and the examples of .the ceramic material are various oxides (A^Oa, BeO Zr0 2 and 
Th0 2 ), carbides (TiC, ?rc, B,C and WC) and borides (CrB and ZrB 2 ): The examples of combination of these J 
materials include A^' 2 0 3 -Fe, TIC-Ni, TiC-Cd and B.C-Fe. " f * " " ■ J * 

40 On the other hand, nickel (Ni) is used effectively for the bih'der'to be contained In TiC in a TiC cermet 40 
as the material of the wire connecting tool. The inventors of the ^r£sent invention varied the content 
(wt%) of this binder experimentally to determine the. advance of anyone else the characteristics shown ' 
in Figure 8 of the wire connection tool. Jhe reaction rating values 'shown in Figure 8 are the same as 
those shown in Table 1. It. is understood from Figure 8 that; when the content of nickel (Ni) is increased, 

45 the strength of the wire connecting tool is improved With the possibility that the connecting wire reacts' 
with (sticks to) A£, which constitutes a bonding wire, increasing, and that, conversely, when the content 
of nickel (Ni) in the capillary is reduced, the reactivity of the capillary with the A€'wire as a bonding wire 
decreases with the mechanical strength of the 'capillary as 1 a wire connecting tool 'decreasing. Therefore, 
the nickel content is set preferably to 5^20% by weight and optimal 'to 5-15% by weight in order to obtain 

50 a capillary having a high jnechanical strength and a low reactivity with respect to A€. In the experiments 
conducted by the inventors/ some other kinds of binders containing molybdenum carbide' (Mo 2 C) were 
used. The results of various experiments show that the molybdenum carbide-containing binders having, 
for example, the following composition have excellent effects. The numeral values' shown below repre-' 
sent weight percentages.: 

55 : " ' * ... v - . . .„ 

(1) TiC: Mo 2 C : Ni ^70: 15 : 15 • • : * ■ . / 

(2) TiC : Mo 2 C : Ni = 60 : 20 : 20 1 

(3) TiC : Mb 2 C : Ni « 76 ': 12 : 12 ' .-«:.■.-.* * ■ 

60 Since the titanium carbide (TiC) and nickel (Ni) as a bind r are riot combined with each other directly, . ~ 60 
the molybdenum carbide is used as a mediator for corhbinrng the titanium carbide (TiC) with nickel (Ni). * ' *. 

Namely, the molybdenum carbide (Mo a C) and titanium carbide (TiC) are combined with each other ex- 
cellently,; and the molybdenum carbide (Mo 2 G) and nickel (Ni)'are also combined winveach ther excel- -* 
lently. Therefore, molybdenum r (^rbide ((vlo 2 C) is laid on titanium cafbide TTiC) so that the surfaces of * 

65 particles of the latter are covered thoroughly with the former/Namely, the whole surfaces of the particles 65 
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of titanium carbide (TiC) are covered with molybdenum carbide (Mo 2 C) to combine them together,un.tar- 
°ly The nickel (Ni) is then combined with the molybdenum carbide. (Mo 2 C) in the molybdenum parb,^ 
cLed titanium carbide (TiC) to thereby combine the molybdenum carbide-coated titanium carbide with 

« "'The material which constitutes the,capillary,' a wire connecting tool used in the present invention de- 5 
5 scribed carbide (TiC) and containing as a binder 5-15% by weight, which is based on the total weight. of 
the capillary; of nickel (Ni). The TiC cermet has a rough surface peculiar to a s.ntered product partic es of 
nickel (Ni) among those of titanium carbi,de. ; and the- nickel (Ni) is exposed at some portions of the sur- , 
f^ce of Z cTpHlary of TiC cermet. However, only a small quantity of nickel (Ni) is exposed in the region 
10 SThrsurface P of the capillary which is to contact the aluminium (Afl.wire used as a bonding wire. 8u ch a 10 
smaH quantity of nickel causes no physico-chemical reactions.to occur between the nickel (N.) n the in- 
sSe o??heSmaTand the M in the A€ : wire. Accordingly, the A€ wire is not fused to the capillary . , 

cons^^ 

a bonding wire is not fused thereto, sg,that,the bondability.of the bonding apparatus does not decrease ^ 

15 3t Figure 9 shows another embodiment of the present invention, especially, a principal portion of a capil- 
lar^ 13A ,ln this embodiment, the free end surface 52 and the surface of the chamfered portion 51 of the 
Stay .» ta the first«mbodiment are. coated with a film 53 of silicon nitride <S N). This film 53 is 
formed bv a Chemical Vapor Deposition. (CVD) method, h may be formed at least on the portion of the 

,n capmary which exacts the A( wire.1. It may also .be formed on the whole surface of the capiHary 13A 20 

2 when tUe are certain processing reasons, The.film formed by the CVD method has a smooth outer 
surface I* a siHcon nitride (SiN) film 53 is this formed on the free end port.on of the capillary, the : possi- 
bSThat" m?A?w"e Sticks to he capillary decreases to a greater extent since the reacfvrty of S,N and 
M wilE respect to each other is low (the rating value, which is referred tc , previous*, of the reactivity of 

25 SiN and A^s-1). The film 53 covers the comparatively rough surface of the TiC cermet (sintered product) 25 
fofo™ . Tsmooth surface. Moreover, it completely covers the nickel. (Ni) exposed .n the TiC cermets ,ur- 
face Ac^ordSngly the sticking of the At wire to the capillary can be prevented more effectively. A S.N 
rZ'h^Z a Sickness of no? more than 0.1 „m has no satisfactory effect, and a SiN film having , a , th.ck- 
neTs of no? \eTs than 10 »tm comes ofteasily. The coating material may consist of any of the carbides of 
30 etements in fv V and V. groups in the Periodic Table, such as TiC and ZrC, or a nitride, such as BN, in 

^yway^^^ 

weioht of Ni powder were mixed in a ball mill, and the resultant mixture was subjected to the dry pres- 
3 moTdmgTe molded product being then sintered under vacuum at 1400°Cfor 1 hour. The. sintered 
35 prXt waTp ocessed to form a capillary. The titanium carbide; (TiC) was applied to cap.l.^ry to a 
Sat of 2 u.m by the CVD (chemical proposition) method. A .w.re bond.ng test was conducted by_ 
usfna this c^piHary with an At? wire having a diameter of 30., 50 ,*m. As a result, A€ did not stick to the. 
"pmaTe^S^vSre.bondlng wasdone more than 10 0000 times. unlike the case where a conven- 
tional Splllary consisting,*! alumina is used, in. which case A€ sticks to tbecapillary after the wire bond- 

40 ^^^S^?^^^^ wire connecting .too. used for an ultrasonic wire 
bondlr thfs weSge being used in the wire bonding techniques comprising still another embodiment of 
fhe present irention. Figure 10 is a top plan view of the wedge, Figure 11 a front elevational view of the 
JSdae Sur^ ™2 an enlarged left side elevation^ the free end. portion of the wedge, and Figure 13 an 
45 eri.ro rjSor ToTthe free portion end portion of the wedge. A body of the wedge 13B is . formed m the 
sSapeS a wedge as shown in the drawings, and the material thereof is tungsten carb.de (WC) or tita- 
nium carbide (TiC). The free end surface of the wedge 13B is flat or c ° n ^ ve „ „ the 
The free end portion of the wedge 13B is covered w.th a t.tan.um carb.de (TiC) film 53B by -using. the 
ion plating techniques. This titanium carbide (TiC) film 53B may alternatively be formed by th CVD 
«i method Thelon Plating method is capable of forming a TiC film at a lower temperature than the CVD 
50 method. The ion ' P' a ™9 1™ i w thermally deforming the wedge , 

™£ 0 $*:£™* ^XJ^SLt^^ capillary, 13 can also be formed by the ion 

P Te 9 ioT P Sng method includes a direct current method, a high-frequency method, a cluster ion J.eam 
55 method and a hot cathode method. These methods are identical in that the vapor generated I tofo^m a 
Sm is ioniz d during the formation f .the film, resultant film conta.nmg ions accelerated toward the sub 

^Ihe high-frequency method, a high-frequency coil is provided between ' 8 a ^ ln 
- the dilect current method, and a vapor, source to enable,the electric discharge to_be held under a pres, 
60 ^oTSor^iS? ID- Torr , i/the ion plating is done underWgh vacuum. In.the high-frequency. , , 
method a reaction in plasma can alsr>,be utilized [to form a film A of this kind.- . •••••>•<•• . y • ■ : ■ . 

t the clu*er Z beam method, a, m,tertaHis evaporated- in a crucible baying ff^^^^ST 
the nressure therein to a comparative!y*igh level, so.that the eyapprated matenaMs ejected from. th^ 
^alS?n^om°i.a lum P .(called "cluster") of about 10° atoms. The cluster is ionized 
65 qut chamberby using an ionizing grid and a hot cathode, and the ions are smashed in an accelerated 
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m«hoH a iho t J^ Ub ^ trate ; Wh L Ch iS T t0 the , ne 9 ative el «tric potential, to form a film. In the hot cathode 

Sum' to S made T * u USter - ' n thiS mBth d ' the ion P latin 9 is done ™«« high 

ratkln - CC ° rdlng t0 * e P nnc, P |e which « substantially the same as that of th cluster ion beam evapo- 

5 »2fn!f I* p,a Ii"9. method has a 9ood influence upon the crystallization of a film. It is considered that the 
lows Due SSe Z^ET? " *W of „ obt3fnin 9 a «»» ^ving a high" crystal.inity are as fot 
t o ?oD-r, T . I*" high-energy .ons,the temperature of the surface of the substrate increases' 

I£J2? H '* - . ' mpact ° f the ions ' many flaws occur on t" 8 substrate surface, and the 

in thTbi T T r C r??* The P0§slb " ity of cr ystallization by the charge of ions s higher than 

T' P8 ^ C ' eS - A ' th0Ugh the ions ,ose the e,ectric char 9 e before they impinge upon the s° b- 

fE' iSLS^ th' 9h l n r 9 r -"""V ^ they *" ter the substrat * Accordingly, the ions can move easily 
in the surface of the substrate, so that crystals-ban be formed easily, i • - . y 
When the ion plating method is used, a film having a high bond strength can be formed at a tempera- 

« iTdST H^ that i? * he C )f D meth0d Moreover ' Paries of .■^.lwb.-*^UTLffl? 
!5 h * J? V ° rS ! b, J' S ° th3 l a fi ' m ^ be formed in an exce » ent «ep covering manner on various 

KS^StiX" ject 9 a rou9h surface and an ?** havin9 a "^.r 

.. E tfi N flln ? or a ^ film can be fo ™ed on the free end portion of a capillary, a wire connecting tool 
used for a thermo-compression wire bonder, and a wedge, a wire connecting tool used for ah ultrasonic 1 

Thon a ° n fi der '- at f 3 ,ow f r K temperatUre bv the ion P ,ati "9 ™ th ° d than by the am method L Ac^rdK, 

,sf ° m,ed byth . e ,on P'ating method, no thermal deformation' occurs in the wire connecting- 
tool, so that a wire connecting tool having a high accuracy cart be formed 

JOS vario . us . effec *f of ? e ^re bonding apparatus according to the preseht invention may be under- . 
25 Sw7 8 VS Statement 7116 P resent invention can have further effects which are as fol- <■ 

laJllSrf'Sf^ 1 may consist of a capillary is made of titanium Carbide (TiC) containing 5- 
If™™ f - ,T (N ' 3 ! 3 bmder - A « ordln S' v ' ^ wire connecting tool consistingof a capillary 
can secure ,te required level of strength, and has reduced reactivity with respect to arr A€ wire There- 

™ Ihl^H?^^" 9 * 0 ! 3 " A€ ^ 5 th9 wire tonriectirig tool consisting of a capillary can toe prevented, and 
e r»tinn In ? ?* th ? 1 w,re bonding apparatus can be improved, sofhat an insufficient wire bonding op" 
eration can be virtually prevented. "'j = . - . > , , . ; .■ , M " 

(2) A SiN film or a TiC film can be formed on the surface of the wire connecting tool consisting of *« 
Zf"? C °,a^ S ^ ""T-'lf Tie - 0wiria ^the-tow reactivity of the film materia? with' respect to the ■ 
~ ^ a; "!TJt h W ' re -' Wh '^j' S ^ d . as ' abondir « wir «. ! and the smooth surface of the filnjthe sticking of 
35 the A€ wire to the wire connecting tool can' beprevented more effectively . . = • • , • 

m i? £.? m ' S "i Ch 88 a . TiC "l!"' Which d6eb n °t 'generate a physicochemical reaction <with aluminium (M) • 
s?on w^bTndino ? teaSt .* e P° rti . on ° f * capmary, a wire connecting tooloised in the then^mpn^vi- 
°- f ^ ? wre ' conneG « n 9 tool used in the ultrasonic wfre-bondlng, which con- i- 
do * d ' n I' W ' r ^ Acc0rdm ?M the aluminium (AC) wire used as a-bonding wire does not stick, when " " 

herein Therlw ^ ^"^9 tool Provided with such a bonding^wire sticking-preventing film . 40 
Tn n^'r^LZJ°Lf'^ alu ™ ,n,um {M) wire - whi <* 9"i°e° by the wire connectihg tool to be bonded to 
an object material, does not cause any decreasedln the bondability of thd wire bonding apparatus in 
°T P Zf^S 31 8 w,re , bondi "9 operation can be carried out With, a Wgh accuracy and a high- reliability. 
45 islm titS le e h xam PL e = of . the material for the bonding wire sticking-preventing film are silicon nitride 
SS o^ITh rb ! F d l m ? ) ' z,rcomum (ZrC), carbides of the elements in IV- group in the Periodic .45 

^^T^TJ^^ " 9TOUP . therei ": ° r C3rb ^ « the cements in V, grouptherein and , 
The specially effective methods of forming such a film are the chemical vapor deposition (CVD) 

™ f" 1°" P,atin u 9 - met L h ° d Which Js capab,e of forrnin 9 tne mmat w hich a temperature lower 

50 than the temperature at wh.ch the CVD method is carried out. However, the film can also be-formed by 50 
using various other film-forming techniques. l - r > . - . v . . y ' 

hJJfr^ 113 ^ ^° dy °,^ th J e Wed 5 S b0dV ' Wh?ch institutes a wire connecting tool oh which the film is to 
: T m °. 1 out ° f tungsten carbideWC), tantalum carbide (TaC), titanium carbide (TiC), 

55 the^ mktiri. 6 k °- f SaPPh,re ' a u d mby ' i e - moiten alumina - 7,16 wire connecting tools consisting of • 
55 these materials and having various shapes can be used. 55 

(4) A wire bonding apparatus using a wire connecting tool according to the present invention is capa- '-. 
bl offeedmg a bonding wire smoothly without being stuck to the wire connecting tool, during a wire 
bonding op ration in a semiconductor device assembling step. Accordingly, the wire bonding can be 

60 2Zm ^I 8 V ' 'V' *e w.re bonding can be done without hurting a' member to be wire-bonded, 
60 without causing an unsatisfactory wire-bonded semiconductor d vice to be produced, and with a high 60 
accuracy>a high reliability 'and a-high wbnc efficiency. -v . : .< , " 9 '. , 

(5) In the wire bonding method using the wire connecting tool accbrding to the present invention, the 
^ Z *™J S " 0t iU3 i? l ° TTt b ° ndih9 Therefore, the w,Ve connecting tool is not stopped up' 
with the bonding wire: Namelyrthe- bonding wire fe fed-normally, As ^-result; a wire bonding operation . 

65 under an abnormal pressure can be avoided, Moreover, the wire bonding can be done-with a suitable . 65 
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length of bonding wire. Accordingly, the bondability of the wire bonding apparatus can be improved 
greatly, and the wire bonding operation can be carried but with a high efficiency. • _ _ • 

(6) Since the sticking of A€ wire to the wire connecting tool can be prevented to improve the bondabi i - 
ity of the wire bonding apparatus, the reduction of the cost of carrying out a wire bonding operation wrth 
5 an At wire and the increasing of the wire bonding speed can be attained, and the rel.ab.hty of a wire 

^!^S 9 JcS^bv52>^ntprs of the present invention has been described concretely -on the 
basis of the embodiment thereof. It is needless to say that the present mvention is not l>m'ted to _tr.e_ ^ 
above-described embodiments, and that the invention can be modified in various ways without departing 
10 ^stSe^^mple/tM shape of the capillary can be changed arbitrarily. Any suitable method 
otnerfhan the Cv£ method and the ion plating method may be used to form a film oh the w,re connect- 

in The°above description refers mairtiy to the wire bonding technique using an At wire, which are applied 
to a seSdurtoV device belonging to the field in which the present invention is ut,l.zed.However the 
15 ^riTS^SSe present invention is applied is not limited to a semiconductor device. The Present 
fnvention can be applied very effectively to various types of conventional wire bonding appa^es such 
Lsa wedge bonding apparatus. The wire, bonding apparatus according to the present invention can be 
applied to all kinds of electronic parts to wlych an At wire is connected. 

20 CLAIMS , - , , . 

1 A wire bonding rHetnod, wherein a plurality of first wire bonding regions of a member to be wire- 
bonded and a plurality of second wire bonding regions thereof which are opposed to said first wire - 
Sfng regions are connected together by a' bonding wire which consists mainly of aluminium (A€) 

25 SrarterizJd in that a wire connecting tool uWfor connecting together by said bond.ng w.re said first 
ana^ond w re bonding regions of said member to be wire-bonded consists at at least the reg.on - 
?hte^ of * material which does not easily generate a physicochem.cal 

Ttwlre bond^ **>' for « bonding wire to a member 

30 to be w^bonded aHd^onding said wirS to said member, an elongated bar type bonding arm to one 

endofwhic^^ " 

h^nH^no arm and adaoted to swing the same vertically, and an XY table provided thereon with said . 

S ng arm ano capaSe o? moving the same longitudinally and lateraHy in the horizontal dtajton. 

characterized in that said wire connecting tool consists at at least the region thereof which contacts said 
35 DondSg S of a material which does not easily generate a physicochem.cal react ,on therev^th . - 
35 bo 3 na, A 9^ e bond . ng apparatus accord i n g tbTlairn 2, wherein said wire connecting tool is a capillary for 

carrvinq out a thermo-compression wire bonding operation. ^m*™ w 

4 A wire bonding apparatus according to Claim 2, wherein said wire connecting tool is a capillary for 
canvinVout a thermo-compression wire bonding . operation, an ultrasonic osciallation generating source 

40 S connected to said 1 bonding arm, said ultrasonic osciallation generatmg source being capable of ap- 
Dlvinq ultrasonic oscillation to said capillary at the suitable time. ,. mHn o *«■ 

5 A wire bonding apparatus according to Claim 2, wherein said w.re connecting tool .s a wedge for 
carrvina out an ultrasonic wire bonding operation. .„,:„:,.„, 
carrying out a apparatus to any one of claims 2 to 5, wherein said bonding wire is an aluminium 

45 <A€) wte or a wire c'onsfsting of a an alloy composed mainly of •'^« n « u •^^JJ ,,,ln, 
no a small Quantity of silicon (Si), and aluminium containing a small quantity of n.cke (Ni). 

7 A wire bSg apparatus according to any one of claims 2 to 6, wherein said wire connecting tool 
is mowed out o?a cLS of titanium carbide (TiC) which contains 5 - 15% by weight of n.ckel (NO as a 

50 bi 8 de A wire bonding apparatus according to any one of claims 2 to 7, wherein said wire connecting itool 50 
IsLtedTt a° leasTtne region of a wire connecting tool body which contacts said bonding wire wrth a 
film cTstrtlngTa Materia, which does not easily cause said bonding wire to react physicochemically 

W f ^%XZS^%^£^ Portion of a bonding arm in a wire bonding apparatus and 
55 adaptedtoguidel SSng wire to a member to be wire-bonded and bond said wire to said member 55 
SaScteLd n that at least the regi n of said wir bonding tool which contacts said bonding wire con- 
«SrTa material which does not easily generate a phisicochemical reaction with said bonding wire 

To A wire bo^nd^ng too? according to Claim 9, wherein said bonding wire is an alum.n.um (A€) wire or 
a w?re conning of an alloy composed mainly of aluminium, such .jbn.««n containing a small 

SO <~w^ 

65 r °if' A wire bonding tool according to claim 9 or claim 10 wherein said wir conn cting tool is a capil- 65 
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lary for carrying outa thermo-compression wir bonding operation with the ultrasonic oscillation applied 
thereto, said capillary being provided with a through bore extending in the axial direction thereof and 
adapted to insert said bonding wire th reth rough. 

13. A wire bonding tool according to claim 9 or claim 10 wherein said wire connecting tool 'is a 

5 wedge for carrying out an ultrasonic wire bonding operation. 5 

14. A wire bonding tool according to any one of claims 9 to 13 wherein said wire connecting tool is 
molded out of a cermet of titanium carbide (TiC) containing 5 - 15% by weight of nickel (Ni) as a binder. 4 

15. A wire bonding tool according to, any one of claims 9,tp 13 wherein a body of said wire connect- * 
ing tool is molded out of a cermet of. titanium carbide (TiC) containing 5 r 15% by weight of nickel (Ni) as 

10 a binder,- at least the region of said wire connecting .tool body which contacts saiti bonding wire is cov^ " 10 
ered with a film consisting of a % material which does not easily cause said bonding wire to react physico- 
chemical ly with the surface of said wire connecting tool. : , t: " 

16. A wire bonding tool according to any one of claims 9 to 13 wherein said wire connecting tool is 4 * ; 1 
covered at at least the region of a body thereof which contacts said bonding* wire 'with a film consisting ' J ' 

15 of a material which does not easily cause.said bonding wire to react ph'ysicocrierhicalty'with the surface * 15 
of said wire connecting tool. r ,/ * , ' ' . 1 :{ ' 

17. A wire bonding tool according to anyone of claims 9 to 13 wherein said wire connectmg tool is "'■ 
covered at at least the region of a body thereof which contacts said bonding wire with a firm consisting * 

of a carbide or a nitride of an element in IV group, V group and VI group in the Periodic Table, such as : u 
20 titanium carbide (TiC), tantalum carbide (TaC), zirconium carbide (ZrC), silicon nitride (SiN) and boron 20 
nitride (BN), said film being formed by the chemical vapor deposition method or the ion plating method. 

18. A wire bonding tool according to Claim 17, wherein the thickness of said film formed on said wire 
connecting tool is 0.1 - 10 fi.m. . t "* 

19. A wire bonding tool according to claim 17 or claim ,18 wherein the material of said wire connect- 

25 ing tool body is a material consisting mainly of titanium carbide (T\C] or tungsten carbide (WC) or tan- ' 25 
talum carbide (TaC), or alumina ceramic, sapphire or ruby. . . . ' 

20. A wire bonding tool according to Claim 9,.wherein a body of said wire connecting; tool consists of 
one of titanium carbide (TiC) cermet, tungsten carbide' (WC) cermet, tantal urn carbide (TaC) cermetraiu- 
mina ceramic, sapphire and ruby, said film r with which at least the region of said wire connecting tool !V * 

30 body which contacts^wire used as said bonding wire and consisting; mainly of aluminium [At) is cbv- 30 
ered, being composed f of:one of titanium carbide t (71C), tantaium carbide (JaC), zi/conium carbide (ZrC),> * 
silicon nitride (SiN) and. boron nitride. (BN) and .formed by trfe chemical vapor deposition method or the 
ion plating method. ; < ; . f ,n - ; . . " %L " j ' 

21. A method of,wire : bonding, substantially, as any herein describee! with reference to the 1 accompany- - 
35 ing drawings., ... * - _ . . "1 ? ' ' ' : ^ -35 

22. A wire bonding, tool substantially as any herein described with, reference tolanti as shown iri the 
accompanying drawings. ' - * ' ^ 
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